Bacterial cellulose (BC) is widely used in medicine as a dressing material due to its good biological properties -high biocompatibility, low adhesion and the ability to absorb wound
Introduction
Bacterial cellulose (BC) is a biopolymer, synthesized by microorganisms, similar in chemical structure to plant cellulose, but possessing unique physico-mechanical and chemical properties. BC is characterized by high biocompatibility, does not show cytotoxicity or allergic reactions. The BC demonstrates no adhesion towards opened soft tissues, so it can be an ideal material for the wound dressings and other medical devices, intended for the contact with inner medium of human body . Gel-films of BC have an ordered structure and represent a three-dimensional network structure, consisting of evenly distributed ribbon-like microfibrils. Complex of these properties in a combination with cheapness and simplicity of the synthesis make BC very popular for the investigations as a material for the restoration of skin, bones, connective tissues of different structure, blood vessels, the basis for drug deposition and delivery, etc. (Saska et al., 2011; Castro et al., 2012; Petersen, Gatenholm, 2011; Keshk, 2014) .
Compositions of BC with various materials -chitosan (Lin et al., 2013) , collagen (Wen et al., 2015) , sodium alginate, gelatin, polyethylene glycol (Shah et al., 2013) are produced to improve the physico-mechanical properties and functionality of the resulting biomaterial. Bacterial cellulose itself does not possess antimicrobial activity. However, taking into account its favorable structure, it is possible to use it in a composition with "incrusting the surface" heavy metal nanoparticles, wherein they will act as a local agent for directed kill of bacteria, thereby possessing conditions for faster wound healing (Czaja et al., 2004; Yang et al., 2012) .
Metallic silver and its forms and compounds have a pronounced bactericidal effect, inhibiting the development of a lot of pathogenic microorganisms. Silver ions interact with thiol groups of cell wall proteins, disrupting bacterial respiration and transporting substances through the cell membrane (Percival et al., 2005) .
Composite biomaterials "polymer/metallic nanoparticles" can be prepared in several ways:
by mechanically mixing the polymer with metal nanoparticles in the form of powder or suspension, with the polymerization of the monomers in situ in the presence of metal nanoparticles, or by chemical reduction, for example sodium borohydride (Yang et al., 2012a; Wua et al., 2015) .
In the latter case, the plurality of hydroxyl groups on microfibrils of bacterial cellulose serve as anchor areas for silver ions, limiting the growth of the particles within the pores, realizing their controlled agglomeration and narrowing the size distribution as a result.
The purpose of this work is to obtain and to characterize bacterial cellulose composites with silver nanoparticles.
Materials and methods
Bacterial cellulose films were synthesized in culture Komagataeibacter xylinus B-12068 with the method of surface culturing in static conditions. To remove remnants of bacterial cells and components of grow medium BC films were treated with 1.0 M NaOH at 70 °C, with following streamed washing in deionized water.
For BC composites with silver nanoparticles a hydrothermal method was used, without the utilization of any catalysts, using the discs of BC layer as a reducing and stabilizing agent (Yang et al., 2012) . Cleaned wet BC films were cut into discs with an average diameter of 10 mm, then were placed in a flask with 0.001 Aeolus quadrupole mass spectrometer for analysis of gases, and evolved by the heating specimens.
X-ray structure analysis and determination of crystallinity of films (C x ) were performed using a D8 ADVANCE X-ray spectrometer ("Bruker", Germany), with graphite monochromator on a reflected beam. A photo of bacterial cellulose composite films with silver nanoparticles is shown in Fig. 2 . The presence of silver in the BC-films was confirmed with the scanning electron microscopy and X-ray spectra analysis (Table 1) . It was shown, that the average mole percentages of silver in composite in the system and the high content of silver in the composite (5.3 %) with an average size of nanoparticles 12 nm, the degree of crystallinity decreased up to 61 % (Fig. 3) . With a decrease in the content of silver in the composite to 3.6 % and 1 %, the degree of crystallinity increased to sensitive. Also, significant differences were found towards the samples obtained at 60 and 90 °C (Fig. 5 , Table 2 ). The observed differences in diameters of growth suppression zones can be explained by the physiological characteristics of strains, that causes their different sensitivity to the direct contact with silver ions in BC/AgNps composites (Ruparelia, 2008) .
It is known, that the cytotoxic activity of Ag-nanoparticles depends on their size and concentration, whereas the minimum inhibiting concentration of Ag nanoparticles is (Kulsky, 1980) . coli and K. рneumoniae.
